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Decision Memo for Surgery for Diabetes (CAG-00397N)

Decision Summary

The Centers for Medicare & Medicaid Services (CMS) has determined the following:

1) The evidence is not adequate to conclude that open and laparoscopic Roux-en-Y gastric bypass (RYGBP), laparoscopic adjustable gastric banding
(LAGB), and open and laparoscopic biliopancreatic diversion with duodenal switch (BPD/DS) improve health outcomes in Medicare beneficiaries who have
type 2 diabetes mellitus (T2DM) and a body-mass index (BMI) < 35. Therefore, these procedures are not reasonable and necessary for patients with type 2
diabetes and BMI < 35 under section 1862(a)(1)(A) of the Social Security Act.

2) The evidence is adequate to conclude that open and laparoscopic Roux-en-Y gastric bypass (RYGBP), laparoscopic adjustable gastric banding (LAGB),
and open and laparoscopic biliopancreatic diversion with duodenal switch (BPD/DS) improve health outcomes in Medicare beneficiaries who have T2DM and
a BMI > 35. Type 2 diabetes mellitus is a comorbid condition related to obesity as defined in NCD Manual 100.1 (Bariatric Surgery for Treatment of Morbid
Obesity).

This decision makes no changes to National Coverage Determination (NCD) Manual section 100.8 (Intestinal Bypass Surgery) and section 100.11 (Gastric
Balloon for Treatment of Obesity). Treatments for obesity alone remain non-covered.
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l. Decision

The Centers for Medicare & Medicaid Services (CMS) has determined the following:

1) The evidence is not adequate to conclude that open and laparoscopic Roux-en-Y gastric bypass (RYGBP), laparoscopic adjustable gastric banding
(LAGB), and open and laparoscopic biliopancreatic diversion with duodenal switch (BPD/DS) improve health outcomes in Medicare beneficiaries who have
type 2 diabetes mellitus (T2DM) and a body-mass index (BMI) < 35. Therefore, these procedures are not reasonable and necessary for patients with type 2
diabetes and BMI < 35 under section 1862(a)(1)(A) of the Social Security Act.
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2) The evidence is adequate to conclude that open and laparoscopic Roux-en-Y gastric bypass (RYGBP), laparoscopic adjustable gastric banding (LAGB),
and open and laparoscopic biliopancreatic diversion with duodenal switch (BPD/DS) improve health outcomes in Medicare beneficiaries who have T2DM and
a BMI > 35. Type 2 diabetes mellitus is a comorbid condition related to obesity as defined in NCD Manual 100.1 (Bariatric Surgery for Treatment of Morbid
Obesity).

This decision makes no changes to National Coverage Determination (NCD) Manual section 100.8 (Intestinal Bypass Surgery) and section 100.11 (Gastric
Balloon for Treatment of Obesity). Treatments for obesity alone remain non-covered.

Il. Background

Diabetes is a disease in which insulin is absent or not functionally available in sufficient quantities to metabolic pathways including those for glucose utilization.
Historically, diabetes has been broadly classified as type 1 diabetes mellitus (T1DM; formerly called type |, insulin-dependent diabetes mellitus (IDDM) or
juvenile diabetes) and type 2 diabetes mellitus (T2DM; formerly called type Il, non-insulin-dependent diabetes mellitus (NIDDM) or adult-onset diabetes) with
the distinguishing features largely based on clinical presentation. T1DM is generally associated with an earlier age of onset, thinner patients and ketosis,
whereas T2DM is associated with a later age of onset and weight gain. T1DM accounts for 5 to 10% of diabetic patients and results from immune-mediated
destruction of the pancreatic islet cells including pancreatic beta cells. T2DM accounts for 90 to 95% of diabetic patients and is generally characterized by
insulin resistance.

Epidemiology
Overall, the prevalence of diabetes in the United States is 7.9 %; 6.8% in men and 8.9% in women. The prevalence of diabetes increases with increasing age;

approximately 11-15% over age 50 as compared to 6.6% or less in lower age groups. It is highest in blacks (11.2%) and lowest in whites (7.2%). Data from
the Behavioral Risk Factor Surveillance System (BRFSS) in 2001 show that obesity is significantly associated with a higher rate of diabetes. Compared with
adults with normal weight, adults with a BMI of 35-39.9 are 3.44 times more likely to have diabetes and adults with a BMI of 40 or higher are 7.37 times more
likely of having diagnosed diabetes. The prevalence of diabetes in persons with BMIs from 35 to 39.9 is 14.9% and 25.6% in persons with BMIs > 40.
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Diabetes mellitus is commonly managed with dietary modification and medications. With the exception of pancreatic transplant, there are no common surgical
procedures that are intended to treat diabetes. In addition, Medicare will pay for the routine costs, as well as transplantation and appropriate related items and
services, for Medicare beneficiaries participating in a National Institutes of Health (NIH)-sponsored clinical trial of islet cells transplantation (NCD 260.3.1).
However, surgical procedures used for weight loss in morbidly obese persons have been noted to reduce medication use and in some cases eliminate
diabetes altogether. The same procedures have been proposed to treat diabetes mellitus in persons who are not morbidly obese.

Several modifications of bariatric surgery have developed over the last several years. Two major types of surgery are now being employed. One type diverts
food from the stomach to a lower part of the digestive tract where the normal mixing of digestive fluids and adsorption of nutrients cannot occur — a
malabsorptive procedure. The other type restricts the size of the stomach and decreases intake — a restrictive procedure. Other surgeries combine both types
of procedures. Initially, bariatric surgery was developed as an open procedure, but in recent years, successful attempts have been made to convert some of
the procedures to laparoscopic procedures, while new ones have been developed solely as laparoscopic procedures. The following are descriptions of
bariatric surgery procedures:

Roux-en-Y Gastric Bypass (RYGBP) (Open/Lap)

RYGBP achieves weight loss through both gastric restriction and malabsorption. Reduction of the stomach to a small gastric pouch (30 cc) results in feelings

of satiety following even small meals. This small pouch is connected to a segment of the jejunum, bypassing the duodenum and very proximal small intestine,
thereby reducing absorption. The RYGBP procedure has been performed regularly since the early 1980s and was first performed laparoscopically in the early
1990s. RYGBP is one of the most common types of weight loss procedures in current use, with approximately 50,000 cases performed in 2001.

Biliopancreatic Diversion (BPD) with and without Duodenal Switch (DS) (Open/Lap)

BPD/DS, like RYGBP, combines both restrictive and malabsorptive mechanisms. The stomach is partially resected, but the remaining capacity is generous
compared to that achieved with the RYGBP. As such, patients eat relatively normal-sized meals and do not need to restrict intake radically, since the most
proximal areas of the small intestine (i.e., the duodenum and jejunum) are bypassed, and substantial malabsorption occurs. Although this procedure is less
commonly performed than either banding procedures or RYGBP, the approach is strongly favored by some bariatric surgeons because this procedure
appears to yield higher Excess Weight Loss (EWL). The partial biliopancreatic diversion with duodenal switch is a variant of the BPD procedure. Recently, a
number of centers in the United States and Canada have begun to perform this procedure, which involves resection of the greater curvature of the stomach,
preservation of the pyloric sphincter, and transection of the duodenum above the ampulla of Vater with a duodeno-ileal anastamosis and a lower ileo-ileal
anastamosis.

Laparoscopic Adjustable Gastric Banding (LABG) (Lap)
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Gastric banding achieves weight loss by gastric restriction, not malabsorption. A band creating a gastric pouch with a capacity of approximately 15 to 30 cc
encircles the uppermost portion of the stomach. The band is an inflatable doughnut-shaped balloon, the diameter of which can be adjusted in the clinic by
adding or removing saline via a port that is positioned beneath the skin. The bands used today are adjustable, allowing the size of the gastric outlet to be
modified as needed, depending on the rate of a patient’s weight loss. Today, essentially all of the banding procedures are performed laparoscopically. The
open version of adjustable gastric banding (AGB) is not performed at present.

Sleeve Gastrectomy (Open/Lap)
Sleeve gastrectomy is a 70%-80% greater curvature gastrectomy (sleeve resection of the stomach) with continuity of the gastric lesser curve being maintained
while simultaneously reducing stomach volume. It may be the first step in a two-stage procedure when performing RYGBP.

Vertical Gastric Banding (VBG) (Lap)

VBG uses mechanical restriction to cause weight loss, a similar mechanism to that used in LAGB, with no malabsorption component. However, the upper part
of the stomach is stapled, creating a narrow gastric inlet or pouch that remains connected with the remainder of the stomach. In addition, a non-adjustable
band is placed around this new inlet in an attempt to prevent future enlargement of the stoma (opening). As a result, patients experience a sense of fullness
after eating small meals. Weight loss from this procedure results entirely from eating less. VBG was one of the more common surgical procedures for weight
loss in the late 1980s and early 1990s but has been largely supplanted by LAGB since 1995. Now its role in the treatment of patients with severe obesity is
limited. VBG is essentially no longer performed.

On May 19, 2008, CMS initiated a national coverage analysis regarding the use of gastric bypass and other types of surgery for treatment of diabetes. Our
goal is to assess the evidence for the ability of various gastric and intestinal bariatric surgery procedures to improve diabetes status among obese, overweight,
and non-overweight diabetics. We are not reconsidering current coverage determinations for types of surgery for morbid obesity in the NCD Manual section
100.8 (Intestinal Bypass Surgery) and section 100.11 (Gastric Balloon for Treatment of Obesity).

lll. History of Medicare Coverage

Current Coverage Policies

Printed on 8/13/2011. Page 6 of 67



NCD Manual Section 40.5 Obesity

Obesity may be caused by medical conditions such as hypothyroidism, Cushing's disease, and hypothalamic lesions, or can aggravate a number of cardiac
and respiratory diseases as well as diabetes and hypertension. Services in connection with the treatment of obesity are covered when such services are an
integral and necessary part of a course of treatment for one of thesemedical conditions. However, program payment may not be made for treatment of obesity
unrelated to such a medical condition since treatment in this context has not been determined to be reasonable and necessary.

NCD Manual Section 100.1 Bariatric Surgery for Morbid Obesity

This NCD covers open and laparoscopic Roux-en-Y gastric bypass (RYGBP), laparoscopic adjustable gastric banding (LAGB), and open and laparoscopic
biliopancreatic diversion with duodenal switch (BPD/DS), are reasonable and necessary for Medicare beneficiaries who have a body-mass index (BMI) > 35,
have at least one co-morbidity related to obesity, and have been previously unsuccessful with medical treatment for obesity. Procedures must be performed at
facilities that are: (1) certified by the American College of Surgeons (ACS) as a Level 1 Bariatric Surgery Center (program standards and requirements in
effect on February 15, 2006); or (2) certified by the American Society for Bariatric Surgery as a Bariatric Surgery Center of Excellence (BSCOE) (program
standards and requirements in effect on February 15, 2006).

NCD Manual Section 100.8 Intestinal Bypass
This NCD noncovers intestinal bypass surgery for treatment of obesity.

NCD Manual Section 100.11 Gastric Balloon
This NCD noncovers gastric balloon procedure for treatment of obesity.

Benefit Category Determination

Under §1861(q) of the Social Security Act (the Act) bariatric surgery is a physician service, and as such qualifies as a benefit. Evaluation and management
services of patients with obesity for whom bariatric surgical procedures are contemplated may also be considered to be a benefit as physicians’ services.
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Bariatric surgery procedures may be considered to be a benefit as inpatient hospital services under §1861(b) of the Act and certain services and supplies may
be considered to be a benefit to hospital outpatients under §18619(s)(2)(B) of the Act, “incident to” a physician’s service.

IV. Timeline of Recent Activities

5/19/2008 CMS initiates opening a NCD for surgery for diabetes. Initial 30-day public comment period begins
6/18/2008 Initial 30 day public comment period closes. Comments posted on the website.
11/17/2008 Proposed Decision Memorandum is posted and 30-day public comment period begins.

V. FDA Status

Surgical procedures are not subject to FDA approval. However, LapBands™ are utilized in some bariatric surgery and the date and content of FDA approval
for this device can be found at http://www.fda.gov/cdrh/mda/docs/p000008.pdf.

VI. General Methodological Principles

When making national coverage determinations under §1862(a)(1)(A) of the Social Security Act, CMS evaluates relevant clinical evidence to determine
whether or not the evidence is of sufficient quality to support a finding that an item or service falling within a benefit category is reasonable and necessary for
the diagnosis or treatment of iliness or injury or to improve the functioning of a malformed body member. The critical appraisal of the evidence enables us to
determine to what degree we are confident that: 1) the specific assessment questions can be answered conclusively; and 2) the intervention will improve
health outcomes for patients. An improved health outcome is one of several considerations in determining whether an item or service is reasonable and
necessary.
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A detailed account of the methodological principles of study design that the agency utilizes to assess the relevant literature on a therapeutic or diagnostic item
or service for specific conditions can be found in Appendix A. In general, features of clinical studies that improve quality and decrease bias include the
selection of a clinically relevant cohort, the consistent use of a single good reference standard, and the blinding of readers of the index test, and reference test
results.

Public comment sometimes cites the published clinical evidence and gives CMS useful information. Public comments that give information on unpublished
evidence such as the results of individual practitioners or patients are less rigorous and therefore less useful for making a coverage determination. CMS uses
the initial public comments to inform its proposed decision. CMS responds in detail to the public comments on a proposed decision when issuing the final
decision memorandum.

VII. Evidence

A. Introduction

We searched Medline for articles on bariatric surgery and its effects on improvement or resolution of diabetes for all BMI ranges to see if
resolution/improvement of diabetes was related to and/or independent of BMI level. We utilized selected articles and we utilized selected references from
articles we found were relevant to evaluate this question.

The acceptable studies concentrated on the outcome of improvement or resolution of abnormal blood glucose measures in persons diagnosed with diabetes
who had or did not have bariatric surgery. Since our current coverage decision allows the use of bariatric surgery in diabetic patients with a BMI > 35, we have
divided the discussion of evidence reviewed according to BMI using a cut-point of 35. We did not include articles that used resolution of metabolic syndrome
(which can include diabetes) as the only outcome for two reasons. Metabolic syndrome is commonly defined as having three or more of a set of five
abnormalities (waist circumference >102 cm in men and 88 cm in women; serum triglyceride level of >150 mg/dL; high-density lipoprotein cholesterol (HDL-C)
level of <40 mg/dL in men and 50 mg/dL in women; blood pressure >130/85 mm Hg; and serum glucose >110 mg/dL). Therefore, a patient with metabolic
syndrome may or may not have diabetes and a patient whose diabetes resolved might still have metabolic syndrome. Furthermore, there is not a standardized
definition for metabolic syndrome and some papers did not provide a definition.
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B. Discussion of Evidence

1. Question

For this NCD, the question of interest is:
Is the evidence sufficient to conclude that the following bariatric surgery procedures will improve health outcomes for Medicare patients with diabetes:

Roux-en-Y gastric bypass;

Laparoscopic adjustable gastric banding;
Biliopancreatic diversion with duodenal switch; or
Sleeve gastrectomy?

aooo

2. External technology assessment (TA)

None were identified and CMS did not commission a TA for this NCA.

3. Internal technology assessment

Evidence
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BMI > 35

Long-Term Mortality after Gastric Bypass Surgery. Adams 2007.
Age > 65: None, mean age 39

N= 9949

M:F: 1592:8357

BMI: 449+ 7.6

Surgical type: RYGBP

Retrospective cohort study

The Adams et al. NEJM article (2007) reported a retrospective cohort study of long-term mortality (from 1984 to 2002) among 9949 patients who had
undergone gastric bypass surgery and 9628 severely obese persons who applied for driver’s licenses. From these subjects, 7925 surgical patients and 7925
severely obese control subjects were matched for age, sex, and body-mass index. The National Death Index was used to determine the rates of death from
any cause and from specific causes. Data on the estimated weight loss (EWL) were not available. During a mean follow-up of 7.1 years, adjusted long-term
mortality from any cause in the surgery group decreased by 40%, as compared with that in the control group (37.6 vs. 57.1 deaths per 10,000 person-years,
p< 0.001) while mortality from diabetes in the surgery group decreased by 92% (0.4 vs. 3.4 per 10,000 person-years, P = 0.005). Among other conclusions by
the authors, long-term total mortality after gastric bypass surgery was significantly reduced, particularly deaths from diabetes.

Resolution of diabetes mellitus and metabolic syndrome following Roux-en-Y gastric bypass and a variant of biliopancreatic diversion in patients
with morbid obesity. Alexandrides 2007.

Age > 65: None

N= 137

M:F: 31:106

BMI: 46.1+ 2.9 RYGBP, 59.7+ 10.6 BPD

Surgical type: RYGBP, BPD-RYGBP variant

Retrospective cohort study
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The objective of this study by Alexandrides et al. (2007) was to investigate the effects of RYGBP and BPD-RYGBP, a variant of BPD which has a lower rate of
metabolic deficiencies than BPD, on T2DM and the major components of metabolic syndrome in patients with morbid obesity and T2DM. Their prospective
database from June 1994 until May 2006 was analyzed and 137 patients with TDM2 (of 745 total patients) were found. Twenty six of these underwent RYGBP
(BMI 46.1 + 2.9 kg/m2) and 111 BPD-RYGBP (BMI 59.7 + 10.6 kg/m2). Seven of the patients were on insulin (4.90%) and 37 on oral hypoglycemic agents
(25.87%). Pre- and postoperative medications and clinical and biochemical parameters were considered in the analysis. The mean follow-up was 26.39 +
21.17 months. EWL averaged 70% after either procedure.

T2DM resolved in 89% and 99% of the cases following RYGBP and BPD-RYGBP, respectively. Two years after BPD-RYGBP all the patients had blood
glucose < 110 mg/dl, 95% had normal cholesterol, 92% normal triglycerides and 82% normal blood pressure. The respective values following RYGBP were
66%, 33%, 78% and 44%. Uric acid decreased significantly only after BPD-RYGBP. Liver enzymes improved in both groups. Mortality was 0% in the 26-
patient group and 1 of 111 in the other group (0.9%)

The authors concluded that RYGBP and BPD-RYGBP were safe and lead to normalization of blood glucose, lipids, uric acid, liver enzymes and arterial
pressure in the majority of patients, although this variant of BPD was more effective than RYGBP alone. They suggested that further studies should also
investigate its usefulness in patients with milder degrees of obesity, DM2 and metabolic syndrome.

Bariatric Surgery A Systematic Review and Meta-analysis. Buchwald 2004 JAMA.
Age > 65: None

N= 22094

M:F: 19:73 (not reported for 1573 (8%) patients)

BMI: Mean 46.9, Range 32-68

Surgical Type: Mostly GBP, Banding Bariatric Surgery, Gastroplasty, BPD
Meta-analysis
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Buchwald’s meta-analysis (2004) had as its objective determining the impact of bariatric surgery on weight loss, operative mortality outcome, and four obesity
comorbidities (diabetes, hyperlipidemia, hypertension, and obstructive sleep apnea). First, the authors utilized an electronic literature search of MEDLINE,
Current Contents, and the Cochrane Library databases plus manual reference checks of all articles on bariatric surgery published in the English language
between 1990 and 2003. Two levels of screening were then used on 2738 citations. A total of 134 fully extracted studies, which included 91 overlapping
patient populations (kin studies), were included. The 134 studies included 179 treatment groups and 22094 patients either enrolled or analyzable in the data
set, including those in comparator control groups. Included were five randomized controlled trials, 28 nonrandomized controlled trials or series with
comparison groups, and 101 uncontrolled case series. At least 1 categorical outcome of interest (e.g., proportion of patients with resolution or improvement in
diabetes, hyperlipidemia, hypertension, or obstructive sleep apnea) or one continuous outcome of interest (change in a laboratory or physiological measure)
was reported by each of the extracted studies. For the calculation of the percentage resolved, for a particular comorbidity, the authors included those studies
reporting the number of patients in which comorbid conditions disappeared or no longer required therapy. Nineteen percent of the patients were men and
72.6% were women, with a mean age of 39 years (range, 16-64 years). Sex was not reported for 1537 patients (8%). The baseline mean body mass index for
16,944 patients was 46.9 (range, 32.3-68.8).

Within studies reporting resolution of diabetes, 1417 (76.8% [meta-analytic mean, 76.8%; 95% CI, 70.7%-82.9%]) of 1846 patients experienced complete
resolution. Within studies reporting both resolution and improvement or only improvement of diabetes, 414 (85.4% [meta-analytic mean, 86.0%; 95% ClI,
78.4%-93.7%]) of 485 patients experienced resolution or improvement of diabetes. By type of bariatric surgical procedure and with respect to diabetes
resolution, there was a gradation of resolution effect from 98.9% (95% ClI, 96.8%-100%) for biliopancreatic diversion or duodenal switch, to 83.7% (95% ClI,
77.3%-90.1%) for gastric bypass, to 71.6% (95% CI, 55.1%-88.2%) for gastroplasty, and to 47.9% (95% ClI, 29.1%- 66.7%) for gastric banding.

In patients selected for diabetes or impaired glucose tolerance at baseline, the mean change in percentage of excess weight loss was 57.25% (95% Cl,
46.21%-68.30%) and the reduction in BMI was 14.03 (95% ClI, 10.77- 17.30), both of which are close to the values found for unselected bariatric surgical
populations.

The reduction in fasting glucose levels was significantly different for the total diabetic population (mean change, 71.53 mg/dL; 95% ClI, 49.37-93.69 mg/dL, n=
296 by meta-analysis) compared with unselected bariatric surgical populations (mean change, 13.33 mg/ dL; 95% CI, 10.81-15.86 mg/dL, n= 2092 by meta-
analysis).

Using a random effects model in the meta-analysis the mean (95% confidence interval) percentage of excess weight loss (EWL) varied from approximately
47% to 70% depending on the type of procedure. Diabetes was completely resolved in 76.8% of patients and resolved or improved in 86.0%. The authors
concluded that a substantial majority of patients with diabetes experienced complete resolution or improvement.
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Hormonal changes after Roux-en Y gastric bypass for morbid obesity and the control of type-ll diabetes mellitus. Clements 2004.
Age > 65: None

N= 25

M:F: 5:20

BMI: 52.7 £ 8.8

Surgical Type: RYGBP

Retrospective cohort study

To test the hypothesis that gastrointestinal hormonal changes explain the resolution of T2DM, Clements (2004) preoperatively evaluated 20 morbidly obese
(MO) patients with T2DM and enrolled in this IRB-approved protocol, for demographics and fasting levels of the following: glucose, insulin, C-peptide,
glucagon, cortisol, gastric inhibitory polypeptide (GIP), and glucagon-like peptide-1 (GLP-1). Each patient underwent RYGBP with a 15-cc gastric pouch and
150-cm Roux limb. Postoperatively, each of the variables was measured at two weeks, six weeks, and 12 weeks and compared with the preoperative result
using a Student t test with significance level of p = 0.05.

There were five male and 15 female patients, average age 40.3 + 7.9 (SD) years, weight 146.3 £ 34.0 kg, height 158.7 + 18.7 cm, and BMI 52.7 + 8.8. Weight
and BMI decreased progressively (117.5 £ 26.9 kg and 47.0 £ 7.4, p = 0.01, respectively) during the study but reached significance only at 12 weeks. Fasting
plasma glucose decreased significantly within 2 weeks after surgery. Insulin and cortisol both approached, but never achieved, significant changes over 12
weeks. GLP-1 increased initially, but not significantly. GIP and C-peptide both decreased significantly. Glucagon remained essentially unchanged over 12
weeks.

The authors concluded that RYGBP rapidly normalizes fasting plasma glucose in morbidly obese patients with T2DM and that GIP, a factor in the
enteroinsulin axis, decreases and may play a role in the correction of T2DM after gastric bypass.

Improvement of Insulin Resistance After Obesity Surgery: A Comparison of Gastric Banding and Bypass Procedures. Lee WJ 2008a.
Age > 65: None

N= 660

M:F: 197:463

BMI: 41.3£ 6.7 LVGB, 41.9+ 6.9 LAGB

Surgical Type: LVGB 82% and LAGB 18%

Retrospective Cohort Study
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The basis of this study by Lee et al. (2008) was to find the true mechanism for improving T2DM after bariatric surgery. This trial assessed the effect of
duodenal jejunal exclusion on the resolution of insulin resistance (IR) in gastric banding and gastric bypass procedures. In 660 patients with complete
biochemical and clinical data at baseline and at three years, there were 197 males and 463 females. The mean age was 31.5 years (range 18-64) and mean
BMI was 41.4 (32-77). Five hundred forty four patients had LGBP and 116 patients had LAGB. IR was measured by homeostatic model assessment (HOMA)
index (HI), calculated as HI = plasma glucose (mmol/l) x insulin (Ul/ml)/22.5. HI was measured before surgery and one, three, six, 12, 24, and 36 months after
surgery. Of the 660 individuals, 517 (78.4%) had IR. The mean Hl was 7.62 £ 13.13. The HI was correlated with BMI, waist circumference, insulin resistance,
hyperlipidemia, inflammatory indicators, and abnormal liver enzymes. Before surgery, the Hl was 7.92 + 14.18 for the bypass group and 6.27 + 6.47 for the
banding group. After surgery, the HI began to lower in both groups, and this reduction was maintained during follow-up. At 36 months after surgery, mean
percentage of excess weight loss (%EWL) was 70.5% for the bypass group and 41.9% for the banding group. The HI was 1.00 + 0.79 for bypass and 1.51
1.25 for banding. The bypass patients had a better and faster weight reduction, but the HI was similar between the two groups at the same weight reduction
percentage. The authors concluded that IR is common in morbidly obese patients. Both gastric banding and gastric bypass are effective for reversing IR in
these patients, related to the absolute weight loss rather than the type of surgical procedure. No duodenal-jejunal exclusion effect on IR resolution was
observed in this study.

Weight loss in severely obese subjects prevents the progression of impaired glucose tolerance to type Il diabetes. A longitudinal interventional
study. Long 1994.

Age > 65: None

N= 163

M:F: 23:140

BMI: All >45

Surgical Type: RYGBP

Retrospective observational study

Long et al. (1994) aimed a study at determining if weight loss might prevent conversion of impaired glucose tolerance (IGT) to diabetes. The authors stated
that the prevalence of IGT in the U.S. population is estimated at 11.2%, more than twice that of diabetes and that because an oral glucose tolerance test is
needed for its detection, most of these patients are undiagnosed. They postulated that screening for IGT would be meaningful if progression to diabetes could
be delayed or prevented.

For an average of 5.8 years (range 2-10 years), 136 individuals with IGT and clinically severe obesity (> 45 kg excess body weight) were followed. The
experimental group included 109 patients with IGT who underwent bariatric surgery for weight loss. The control group was made up of 27 subjects with IGT
who did not have bariatric surgery. The criteria of the World Health Organization were used to detect IGT and diabetes in this population. The main outcome
measure of this nonrandomized control trial was the incidence of diabetes divided by the time of exposure to risk.
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Of the 27 subjects in the control group, six developed diabetes during an average of 4.8 + 2.5 years of post-diagnosis follow-up, yielding a rate of conversion
to diabetes of 4.72 cases per 100 person-years. The 109 individuals in the experimental group were followed for an average of 6.2 £ 2.5 years post-bariatric
surgery. Based on the 95% confidence interval of the comparison group, they expected that between 22 and 36 subjects in the experimental group would
develop diabetes over the follow-up period. Only one of the 109 experimental-group patients developed diabetes, resulting in a conversion rate of the
experimental group of only 0.15 cases per 100 person-years, significantly lower (p< 0.0001) than the control group.

The authors concluded that weight loss in patients with clinically severe obesity prevents the progression of IGT to diabetes by > 30-fold.

The gastric bypass operation reduces the progression and mortality on non-insulin-dependent diabetes mellitus. MacDonald 1997.
Age > 65: None

N= 232

M:F: 63:169

BMI: Mean 50

Surgical Type: RYGBP

Retrospective Cohort study

In a study by MacDonald et al. (1997), 154 of 232 morbidly obese patients with non-insulin-dependent diabetes mellitus referred to East Carolina University
between March 5, 1979, and January 1, 1994, had a Roux-en-Y gastric bypass operation and 78 did not undergo surgery because of personal preference or
their insurance company's refusal to pay for the procedure. The surgical and the nonoperative (control) groups were comparable in terms of age, weight, body
mass index, sex, and percentage with hypertension. The two groups were compared retrospectively to determine differences in survival and the need for
medical management of their diabetes. Mean length of follow-up was 9 years in the surgical group and 6.2 years in the control group. The mean glucose
levels in the surgical group fell from 187 mg/dl preoperatively and remained less than 140 mg/dl for up to 10 years of follow-up. The percentage of control
subjects being treated with oral hypoglycemics or insulin increased from 56.4% at initial contact to 87.5% at last contact (P = 0.0003), whereas the percentage
of surgical patients requiring medical management fell from 31.8% preoperatively to 8.6% at last contact (P = 0.0001). The mortality rate in the control group
was 28% compared to 9% in the surgical group (including perioperative deaths) to be interpreted as follows: for every year of follow-up in this group of T2DM
persons, patients in the control group had a 4.5% chance of dying vs. a 1.0% chance for those in the surgical group. The improvement in the mortality rate in
the surgical group was primarily due to a decrease in the number of cardiovascular deaths. Mean EWL remained at about 50% over the few years follow-up in
the surgical group.
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Surgical treatment of obesity and its effect on diabetes: 10-y follow-up. Pories 1992.
Age > 65: Unknown, not in paper

N= 479

M:F: not reported in this article

BMI: All Morbidly Obese

Surgical Type: GBP

Retrospective cohort study

Between 1980 and 1992 Pories et al. (1992) performed the identical Greenville gastric bypass (GGB) procedure on 479 morbidly obese patients with a
mortality rate of 1.2%. One hundred and one patients had IGT and 62 had T2DM. The weight loss in the series was well maintained over the follow-up period
of 10 years. Of these 163 individuals, 141 reverted to normal (86%) and only 22 (13%) remained with inadequate control of their carbohydrate metabolism.
Those patients who were older or whose diabetes was of longer duration were less likely to revert to normal values. The authors concluded that the gastric
bypass operation is an effective approach for the treatment of morbid obesity and controls the hyperglycemia, hyperinsulinemia, and insulin resistance of the
majority of patients with either glucose impairment or frank NIDDM.

Who would have thought it? An operation proves to be the most effective therapy for adult-onset diabetes mellitus. Pories 1995.
Age > 65: None

N= 608

M:F: 102:506

BMI: Mean 49.7 Range (33.9-101.6)

Surgical Type: GBP

Retrospective cohort study

This was a follow-up article to Pories (1992) with an additional 129 patients. One hundred and forty six patients had NIDDM and 152 had IGT. Within these
subgroups, 82.9% of NIDDM patients and 98.7% of IGT patients maintained normal levels of plasma glucose, glycosylated hemoglobin, and insulin. The
authors believed that these antidiabetic effects appeared to be due primarily to a reduction in caloric intake, suggesting that insulin resistance was a
secondary protective effect rather than the initial lesion. In addition to the control of weight and NIDDM, gastric bypass also corrected or alleviated a number of
other comorbidities of obesity, including hypertension, sleep apnea, cardiopulmonary failure, arthritis, and infertility. Gastric bypass was now established as an
effective and safe therapy for morbid obesity and its associated morbidities. The authors stated that no other therapy has produced such durable and
complete control of diabetes mellitus.

Effect of laparoscopic Roux-en Y gastric bypass on type 2 diabetes mellitus. Schauer 2003.
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Age > 65: Yes, number not reported Range 26-67
N= 1160

M:F: 25:75%

BMI: 50.4 £ 8.5

Surgical Type: LRYGBP

Retrospective cohort study

Schauer et al. (2003) aimed at evaluating pre- and postoperative LRYGBP demographics, duration of diabetes, metabolic parameters, and clinical outcomes,
in all patients with impaired fasting glucose (IFG) and type T2DM undergoing the procedure from July 1997 to May 2002. The goal was to follow diabetes
status for at least four years after laparoscopic Roux-en-Y gastric bypass (LRYGBP). During this five-year period, 1160 patients underwent LRYGBP and 240
(21%) had IFG or T2DM. Follow up was possible in 191 of the 240 diabetic patients (80%). There were 144 females (75%) with a mean preoperative age of 48
years (range, 26-67 years). After surgery, weight and body mass index decreased from 308 Ibs and a BMI of 50.1 to 211 Ibs and a BMI of 34 kg/m2 for a
mean weight loss of 97 Ibs and mean excess weight loss of 60%. Fasting plasma glucose and glycosylated hemoglobin concentrations returned to normal
levels (83%) or markedly improved (17%) in all patients. A significant reduction in use of oral antidiabetic agents (80%) and insulin (79%) followed surgical
treatment. Patients with the shortest duration (< five years), the mildest form of T2DM (diet controlled), and the greatest weight loss after surgery were most
likely to achieve complete resolution of T2DM. The authors concluded that LRYGBP resulted in significant weight loss (60% percent of excess body weight
loss) and resolution (83%) of T2DM. Patients with the shortest duration and mildest form of T2DM had a higher rate of T2DM resolution after surgery,
suggesting that early surgical intervention is warranted to increase the likelihood of rendering patients euglycemic. No separate analysis of patients aged > 65
was reported.

Outcomes after laparoscopic Roux-en-Y gastric bypass for morbid obesity. Schauer 2000.
Age > 65: Yes number not given. Range 17-68

M:F: 25:75%

BMI: 48.2, Range 35-68

Surgical Type: LRYGBP

Retrospective cohort study

Schauer et al. (2000) evaluated short-term outcomes for laparoscopic Roux-en-Y gastric bypass in 275 patients with a follow-up of one to 31 months with a
focus on the benefits of laparoscopic surgery. Consecutive patients (n = 275) who met NIH criteria for bariatric surgery were offered laparoscopic Roux-en-Y
gastric bypass between July 1997 and March 2000. A 15-mL gastric pouch and a 75-cm Roux limb (150 cm for superobese) was created using five or six
trocar incisions. Twenty-two patients had NIDDM. The incidence of early major and minor complications was 3.3% and 27%, respectively. One death occurred
related to a pulmonary embolus (0.4%). Excess weight loss at 24 and 30 months was 83% and 77%, respectively. In patients with more than one year of
follow-up, most of the comorbidities were improved or resolved and 95% reported significant improvement in quality of life. In particular, 82% of the NIDDM
cases were resolved and the other 18% were improved after surgery.
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Lifestyle, diabetes, and cardiovascular risk factors 10 years after bariatric surgery. Sjostrom 2004 NEJM.
Age > 65: None.

N= 1703

M:F: 510:1193

BMI: 40.5+ 4.2

Surgical Type: VGB, GBP

Randomized controlled trial

Sjostrom (2004) looked at data from the prospective, controlled Swedish Obese Subjects (SOS) Study which involved obese subjects who underwent gastric
surgery and contemporaneously matched conventionally treated obese control subjects with an eye towards measuring the duration of interventions on
permanent normalization of serum glucose, triglyceride, and cholesterol levels in patients.

The authors reported follow-up data for subjects (mean age, 48 years; mean body-mass index, 41) who had been enrolled for at least two years (4047
subjects) or 10 years (1703 subjects) before the analysis (January 1, 2004). The follow-up rate for laboratory examinations was 86.6% at two years and 74.5%
at 10 years. After two years, the weight had increased by 0.1% in the control group and had decreased by 23.4% in the surgery group (p< 0.001). After 10
years, the weight had increased by 1.6% and decreased by 16.1% respectively (p< 0.001). Energy intake was lower and the proportion of physically active
subjects higher in the surgery group than in the control group throughout the observation period. Two- and 10-year rates of recovery from diabetes,
hypertriglyceridemia, low levels of high-density lipoprotein cholesterol, hypertension, and hyperuricemia were more favorable in the surgery group than in the
control group, whereas recovery from hypercholesterolemia did not differ between the groups. The surgery group had lower two- and 10-year incidence rates
of diabetes, hypertriglyceridemia, and hyperuricemia than the control group; differences between the groups in the incidence of hypercholesterolemia and
hypertension were undetectable.

The authors concluded that, as compared with conventional therapy, bariatric surgery appeared to be a viable option for the treatment of severe obesity,
resulting in long-term weight loss, improved lifestyle, and, except for hypercholesterolemia, amelioration in risk factors that were elevated at baseline including
diabetes and its incidence.

Differentiated long-term effects of intentional weight loss on diabetes and hypertension. Sjostrom 2000.
Age > 65: None

N= 692

M:F: 242:450
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BMI: 41.2+ 4.7
Surgical Type: VGB, GBP
Randomized controlled trial

As part of the SOS, Sjostrum et al. (2000) wrote a paper on the duration of large maintained weight losses over long periods (> 4 years) after weight loss
surgery. They matched 346 patients awaiting gastric surgery with 346 obese control subjects on 18 variables by a computerized matching program. The
controls were drawn from a registry consisting of 1508 obese potential controls examined at primary health care centers in Sweden. Of the 692 selected
patients (body mass index 41.2+ 4.7 kg/2 [mean + SD]), 483 (70%) were followed for eight years.

No significant weight changes occurred in the obese control group over 8 years. Gastric surgery resulted in a maximum weight loss of -31.1+ 13.6 kg after 1
year. After 8 years, the maintained weight loss was still 20.1+ 15.7 kg (16.3+ 12.3%). Though this weight reduction had a dramatic effect on the eight-year
incidence of diabetes (odds ratio 0.16, 95% CI 0.07 to 0.36), it had no effect on the eight-year incidence of hypertension (odds ratio 1.01, 95% CI 0.61 to
1.67). A differentiated risk factor response was identified: a maintained weight reduction of 16% strongly counteracted the development of diabetes over eight
years but showed no long-term effect on the incidence of hypertension.

Roux-en-Y gastric bypass versus a variant of biliopancreatic diversion in a non-superobese population: prospective comparison of the efficacy
and the incidence of metabolic deficiencies. Skroubis 2006.

Age > 65: None

N= 130

M:F: 26:104 = in each group

BMI: Range 35-50

Surgical Type: RYGBP and BPD-RYGBP

Prospective non-randomized control study

Skroubis et al. (2006), in a prospective comparison of Roux-en-Y gastric bypass (RYGBP) and a variant of biliopancreatic diversion (BPD) in an obese
population (BMI 35-50) and from a cohort of 130 patients, randomly selected 65 patients to undergo RYGBP and 65 to undergo BPD. There were 10 diabetics
in both groups. All patients underwent complete follow-up evaluation at one, three, six, and 12 months postoperatively and every year thereafter. Patients in
both groups completed their second postoperative year. Mean % excess weight loss (%EWL) was significantly better after BPD at all time periods (12 months,
p= 0.0001 and 24 months, p= 0.0003), and the %EWL was > 50% in 100% of BPD patients as compared to 88.7% in the RYGBP patients at two-year follow-
up. No statistically significant differences were observed between the two groups in early and late non-metabolic complications. Hypoalbuminemia occurred in
only one patient (1.5%) after RYGBP and in six patients after BPD (9.2%). Only one patient from each group was hospitalized and received total parenteral
nutrition. Glucose intolerance, hypercholesterolemia, hypertriglyceridemia and sleep apnea completely resolved in all patients in both groups. There was no
mortality.
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The authors concluded that both RYGBP and BPD were safe and effective procedures when offered to these obese patients. Weight loss after BPD was
consistently better than that after RYGBP, as was the resolution of diabetes and hypercholesterolemia. Because the nutritional deficiencies that occurred
following this type of BPD were not severe and were not significantly different between the two operations, both may be offered to obese patients, keeping in
mind the severity and type of preoperative co-morbidities as well as the desired weight loss.

Diabetes and hypertension in severe obesity and effects of gastric bypass-induced weight loss. Sugerman et al. 2003 Ann Surg.
Age > 65: Yes, number unknown. Range 12-69

N= 1025

M:F: 226:799

BMI: African Americans 54 + 10, Caucasians 49 + 10

Surgical Type: GBP

Retrospective cohort study

In 2003, a Sugerman study evaluated the preoperative relationships of hypertension and type 2 diabetes mellitus in severe obesity and the effects of gastric
bypass (GBP)-induced weight loss. Using the database of patients who had undergone GBP by one general surgeon at a university hospital between
September 1981 and January 2000, patient weight, body mass index (BMI), pre- and postoperative diabetes, hypertension, and other comorbidities ( sleep
apnea, hypoventilation, gastroesophageal reflux, degenerative joint disease, urinary incontinence, venous stasis, and pseudotumor cerebri) were evaluated.

Of 1,025 patients treated (75%W, 25%AA), 15% had pre-op type 2 diabetes mellitus and 51% had hypertension. Of those with diabetes, 75% also had
hypertension. Patients who had neither diabetes nor hypertension were younger than those with either diabetes or hypertension, who were younger in turn
that those with both diabetes and hypertension. At one year after GBP (91% follow-up), patients lost 66 + 18% excess weight (%EWL) or 35 + 9% of their
initial weight (%WL). Hypertension resolved in 69% and diabetes in 83%. African-American patients had a higher risk of hypertension than whites before GBP
and were less likely to correct their hypertension after GBP. There was significant resolution of other obesity comorbidity problems. At five to seven years after
GBP (50% follow-up), %EWL was 59 + 24 and %WL was 31 £ 13; resolution of hypertension was 66% and diabetes 86%. Of note was that African Americans
had a similar of resolution of their T2DM as did whites. No analysis results for patients aged >65 were reported.

Effects of bariatric surgery in older patients. Sugerman 2004 Ann Surg.
Age > 65: Yes, mean 63+3. Range 60.1-74.5 years
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N= 80

M:F: 18:62

BMI: 49+ 7

Surgical Type: VBG 1982-1985, GBP thereafter
Retrospective cohort study

Sugerman (2004) utilized a database of patients who had undergone bariatric surgery since 1980 and the National Death Index to do a retrospective cohort
evaluation of the safety and efficacy of bariatric surgery in older patients, comparing those < 60 and those > 60 years of age. GBP was the procedure of
choice after 1985, VBG before. Data evaluated at one and five years included weight lost, % weight lost (%WL), % excess weight loss (%EWL), % ideal body
weight (%IBW), mortality, complications, and obesity comorbidity. The diagnosis of type 2 diabetes mellitus (DM) required an elevated fasting blood sugar
(>150 mg/dL) and either a “diabetic diet” recommended by their primary care physician, oral hypoglycemic medications, or insulin treatment.

A total of eighty patients > age 60 underwent bariatric surgery. They had a mean age of 63 * 3 years, 78% women, 68 white, 132 + 22 kg, BMI 49 + 7 kg/m,
217 + 32%IBW. Preoperative comorbidity, was greater (p< 0.001) in patients > 60 years. There were no perioperative deaths but there were 10 late deaths, 18
months to 10 years (4.5 + 2.7 years), after bariatric surgery in the older patients. Authors were unable to determine the cause of death in these patients.

Preoperatively, of those patients >60 years versus < 60 years diagnosed as having type 2 DM, 42% versus 31% required insulin for control and 20% versus
45% required an oral agent (p< 0.001). Pre-operatively 49% of those >60 years versus 17% of those < 60 years had a diagnosis of DM and one year after
surgery these numbers had improved to show only 17% of those >60 years had a diagnosis of DM versus 4% of those < 60 years.

Complications included four major wound infections, two anastomotic leaks, 10 symptomatic marginal ulcers, five stomal stenoses, three bowel obstructions,
26 incisional hernias (non-laparoscopic), and one pulmonary embolism. At one year after surgery (94% follow-up), patients lost 38 + 11 kg, 57%EWL, 30%WL,
BMI 34.5 £ 7 kg/m, %IBW 153 + 31.

Comorbidities decreased (p< 0.001); however, %WL and %EWL and improvement in hypertension and orthopedic problems, although significant, were
greater in younger patients. At five years after surgery (58% follow-up), they had lost 31 + 18 kg, 50%EWL, 26%WL, BMI 35 + 8 kg/m, and %IBW 156 + 36.
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The authors concluded that bariatric surgery was effective for older patients with a low morbidity and mortality including the resolution of comorbidities. Older
patients had more pre- and post-operative comorbidities and lost less weight than younger patients.

Is Roux-en-Y gastric bypass surgery the most effective treatment for type 2 diabetes mellitus in morbidly obese patients? Torquati 2005.
Age > 65: None

N= 96

M:F: 18:79

BMI:49+7.4

Surgical Type: LRYGBP

Prospective cohort study

The aim of this study by Torquati et al. (2005) was to analyze the effects of RYGB surgery on the glucose metabolism in morbidly obese patients with T2DM.
The authors stated that T2DM has a very strong association with obesity. One hundred seventeen morbidly obese patients with T2DM underwent
measurements of fasting serum glucose and glycosylated hemoglobin (HbA1C) at baseline before surgery and at six months and 12 months after
laparoscopic RYGB surgery. Logistic regression was used in both univariate and multivariate modeling to identify independent variables associated with
complete resolution of T2DM. Twelve months after surgery, fasting plasma glucose decreased from a preoperative mean of 164 £ 55 mg/dL to 101 £ 38 mg/dL
(P =.001) and HbA1C decreased from a preoperative mean of 7.7% + 1.5% to 6.0% £ 1.1% (P = .001). Resolution of T2DM was achieved in 72 of the 117
patients (74%). All of the remaining 25 patients decreased the daily T2DM medication requirements. On univariate analysis, preoperative variables associated
with resolution of T2DM were waist circumference, HbA1C, and absence of insulin treatment. Waist circumference (odds ratio 2.4; 95% confidence interval 1.4
-4.1; P =.001) and treatment without insulin (odds ratio 42.2; 95% confidence interval 4.3-417.3; P = .002) remained significant predictors of T2DM resolution
in the multivariate logistic regression model after adjusting for covariates.

The authors concluded that laparoscopic RYGBP resulted in significant resolution of T2DM. Peripheral fat distribution (smaller waist circumference) and
absence of insulin treatment were independent and significant predictors of complete resolution of T2DM.

Short-term effects of sleeve gastrectomy on type 2 diabetes mellitus in severely obese subjects. Vidal 2007.
Age > 65: None

N= 85

M:F: 34:51

BMI: 52.0 £ 1.2 LSG, 47.6 £ 0.7 LRYGBP
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Surgical Type: LSG vs LRYGBP
Prospective cohort study

Because data on the effectiveness of sleeve gastrectomy (SG) in improving or resolving type 2 diabetes mellitus (T2DM) are scarce, Vidal et al. (2007)
undertook a four-month prospective study on the changes in glucose homeostasis in 35 severely obese T2DM subjects undergoing laparoscopic SG (LSG)
and 50 T2DM additional subjects undergoing laparoscopic Roux-en-Y gastric bypass (LRYGBP), matched for DM duration, type of DM treatment, and

glycemic control. At four months after surgery, LSG and LRYGBP subjects lost a similar amount of weight (respectively, 20.6 £ 0.7% and 21.0 + 0.6%). T2DM
had resolved respectively in 51.4% and 62.0% of the LSG and LRYGBP subjects (P = 0.332). A shorter preoperative DM duration (p< 0.05), a preoperative
DM treatment not including pharmacological agents, and a better pre-surgical fasting plasma glucose (p< 0.01) or HbAlc (p< 0.01), were significantly
associated with a better type 2 DM outcome in both surgical groups. The authors concluded that LSG and LRYGBP result in a similar rate of type 2 DM

resolution at four months after surgery. Moreover, mechanisms beyond weight loss may be implicated in DM resolution following LSG and LRYGBP.

Long-term outcomes after gastric bypass. White 2005.
Age > 65: Yes number not given Range 18-68

N= 342

M:F: 81:261

BMI: 46.2 £ 9.2 Range 28-99

Surgical Type: GBP

Retrospective Cohort

With an aim of examining long-term follow-up after gastric bypass surgery, White et al.(2005), in New Zealand, studied 342 severely obese patients who
underwent gastric bypass between June 1990 and April 2003 by a single surgeon. Careful preoperative documentation and follow-up were maintained on a
computerized database. Some late follow-up information was obtained by mailed questionnaire and blood tests. Follow-up data was available for 88% of
patients. Follow-up time ranges from 0-14 years, with a median of 48.6 months. Of those lost to follow-up, only 24 (7%) had < 12 months follow-up. The series
included 261 females and 81 males. Preoperative BMI ranged from 28-99 (median 44). Before surgery, hypertension was present in 138, type 2 diabetes in 62
(18%), and dyslipidemia in 265. There was no 30-day peri-operative mortality. Three life-threatening complications occurred. BMI and % excess weight loss
after one, two, five and 10 years were 28.7 and 89%, 28.3 and 87%, 31.2 and 70% and 31, and 75%, respectively. At last follow-up, 62% of those with
hypertension before surgery were cured and 25% had improved. Eighty-five percent of those with type 2 diabetes were cured and 10% had improved. No
patients with impaired glucose tolerance had progressed to diabetes. Thirty-four percent of those with dyslipidemia were cured and 38% had improved. No
separate analysis data for persons > 65 were reported.

Loss of insulin resistance after Roux-en-Y gastric bypass surgery: a time course study. Wickremesekera 2005.
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Age > 65: Yes, Number not given, Range 21-68
N= 71

M:F: 24:47

BMI: Median 45, Range 34-99

Surgical Type: RYGBP

Retrospective cohort

Gastric bypass has repeatedly been shown to improve and even cure T2DM by substantially improving insulin resistance though the mechanism by which it
achieves this is not currently known. Wickremesekera et al. (2005) aimed to obtain a better understanding of t